This study evaluated the effect of matrix metalloproteinase (MMP) inhibitors -2% (CHX) and sodium fluoride (NaF) (5000 ppm) -on microtensile bond strength (μTBS) of composite resin to Er:YAG laser-irradiated dentin after chemical degradation of the bond interface. The occlusal surface of forty sound human molars was removed exposing the dentin surface (n=10), which was polished, irradiated with Er:YAG laser, acid etched and dried. Twenty specimens were rewetted with 2% CHX (control group) and 20 were rewetted with NaF (5000 ppm). The adhesive system was applied and a 4-mm-high plateau of light-cured composite resin was built up. Resin-dentin sticks were obtained with a rectangular cross-sectional area (0.8-1 mm 2 ) and were either stored in water at 37 °C for 24 h or submitted to chemical degradation. For chemical degradation, they were immersed in 10% NaOCl aqueous solution for 5 h and rinsed in water for 1 h. The sticks were submitted to microtensile test in a mechanical testing machine at 0.5 mm/min until failure. Fracture pattern was analyzed using SEM. μTBS values were calculated in MPa and submitted to analysis of variance ANOVA (α=0.05). The variance analysis showed that the 'MMP inhibitor ' and 'degradation' factors (p=0.214 and p=0.093, respectively) and interaction between the factors were not statistically significant (p=0.143). Mixed failure predominated in all groups. In conclusion, the 2% CHX and NaF 5000 ppm presented similar μTBS of composite resin to laser-irradiated dentin before and after chemical degradation
Introduction
Preparation with Er:YAG laser has been proposed as an alternative technique for removing carious tissue and preparation of micro-cavities (1) . Several advantages have been related to the use of laser irradiation in operative dentistry compared to conventional rotary instruments, such as a more conservative cavity design (2) , antibacterial activity (3), decrease of enamel solubility (prevention of recurrent caries) (4) , and mainly laser use provides more comfort to the patient due to the absence of vibration and a lower pain sensation with consequent decrease for local anesthesia compared to the use of conventional rotary instruments. A limitation of the laser use is the long time required for cavity preparation, generally, twice than with rotary instruments (5) .
The bonding mechanism for irradiated dentin and also the impact of the Er:YAG lasers on the collagen fibers have not been completely clarified. Previous studies showed microstructural changes, microruptures and denaturation of collagen fibers (6, 7) , which may affect the bonding mechanism between the resin materials and dentin, due the bond direct dependence on the interaction of resin monomers with the exposed collagen fibers (8) .
The degradation of the bonding interface has a considerable influence on the clinical performance and survival of the resin composite restorations (9, 10) . Studies have shown that matrix metalloproteinase (MMP) inhibitors, such as chlorhexidine (CHX) and more recently sodium fluoride (NaF), are able to preserve the structural integrity of the hybrid layer and consequently improve the longevity of restorations (11) (12) (13) (14) .
The research was proposed due the lower bond stability of irradiated dentin to the adhesive systems and limited information concerning the effect of the MMP inhibitors to stabilize the degradation of this hybrid layer. Therefore, the aim of this laboratory study was to evaluate the effect of two MMP inhibitors -2% CHX and NaF (5000 ppm) -on microtensile bond strength (μTBS) of a composite resin to Er:YAG laser-irradiated dentin after chemical degradation of the bonded interface. The null hypothesis tested was that NaF (5000 ppm) is similar to CHX in the preservation of bonded interface.
Material and Methods

Experimental Design and Tested Groups
This laboratory study was designed to test the effect of the MMP inhibitors 2% CHX (Clorhexidina S, FGM, Joinville, SC, Brazil) (control group) and NaF (5000 ppm) (DaTerra, Ribeirão Preto, SP, Brazil) as well as degradation processes (24 h water storage and chemical degradation with 10% NaOCl for 5 h) on the μTBS between a composite resin and dentin treated with Er:YAG laser. The sample of the study comprised 40 human third molars assigned to 4 groups (n=10). The response variable was μ-TBS (MPa). Failure mode analysis of the bonded interface after μTBS testing was carried out by scanning electron microscopy (SEM).
Specimen Preparation
Forty extracted intact human third molars were used according to the guidelines of the local Ethics Committee, under protocol number (31160914.6.0000.5419). The teeth roots were included in polyester resin, by a polyvinyl chloride (PVC) cylinder. The occlusal surface was removed with a diamond saw (Isomet 1000; Buehler, Lake Bluff, IL, USA) exposing a coronal dentin surface, which was ground in a polishing machine (Beta; Buehler) with wet #600 sandpaper.
The dentin surfaces of all teeth were irradiated with Er:YAG laser (260 mJ/4 Hz) (Twin Light, Fotona Medical Lasers, Ljubljana, Slovenia) with 0.81 W power, 47 J/cm 2 energy density and 163.5 W/cm 2 irradiance, scanning transversally and horizontally across the surface of the exposed dentin using a device that holds the laser pen in place. The laser beam was applied using a noncontact method, focused at a distance of 12 mm from the substrate with water spray of 1.5 mL/min (9) .
The specimens were etched with 35% phosphoric acid (Etching gel, 3mas M ESPE, St. Paul, MN, USA) for 15 s, rinsed for 30 s and dried for 30 s with air. Half of the specimens were rewetted with 1.5 mL of 2% CHX (Clorhexidina S, FGM, Joinville, SC, Brazil) with a micropipette (Labmate Soft, PZ HTL S.A., Warsaw, Poland) for 60 s and the excess removed with absorbent paper. The remaining specimens were rewetted with NaF 5000 ppm in the same way as previously reported. The adhesive system (Single Bond 2; 3M ESPE) was applied following the manufacturer's instructions and cured with halogen light (Curing Light XL-3000; 3M Dental Products, St. Paul, MN, USA) for 10 s. A 4-mm-high plateau of composite resin (Filtek Z350; 3M ESPE) was built on adhesive-coated dentin surface using the incremental technique in four 1-mm layers.
Degradation and μTBS Test
The specimens were vertically serially sectioned (Isomet 1000, Buehler Ltd.) into approximately 1-mm thick dentinresin slabs, and then rotated 90° and sectioned again to obtain resin-dentin sticks with a rectangular cross-sectional area of 0.8-1 mm 2 . Four sticks were randomly selected from the central area of each sample. Half of the sticks groups were stored for 24 h in 37 °C water before μ-TBS. The other half were submitted to chemical degradation immersed in 10% NaOCl aqueous solution (da Terra) for 5 h and rinsed in water for 1 h (15). The bonded surface area was calculated before each test using a digital caliper. The sticks were individually fixed to a jig using cyanoacrylate glue (Super Bonder Gel; Loctite, São Paulo, SP, Brazil) in a mechanical testing machine at 0.5 mm/min (EMIC, São José dos Pinhais, PR, Brazil) and tested until failure. μTBS values were calculated in MPa. The teeth were considered the specimen numbers (n) per group (n=10). Therefore, the mean value of μTBS of the 4 sticks was considered the μTBS of the specimen. Data were subjected to analysis of variance ANOVA (α=0.05).
All fractured sticks were dehydrated in increasing alcohol concentrations, as follows: 25% for 20 min; 50% for 20 min; 75% for 20 min; 95% for 20 min; and 100% for 60 min and mounted on aluminum stubs with carbon adhesive tape. The specimens were sputter-coated (SCD 050 sputter coater, BAL-TEC, Balzers, Liechtenstein) with pure gold and observed with a SEM, to examine the mode of failure of the debonded interfaces. Failure modes were classified as adhesive (in the bonding agent), cohesive in the composite resin, cohesive in dentin and mixed (remnants of composite There was no statistically significant difference between the groups (p>0.05). Figure 1 . Distribution of failure modes (%)among groups.
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and/or bonding agent on the dentin surface). The frequency of each mode was calculated as percentage.
Results
Mean values and standard deviation of the μTBS are presented in Table 1 . The variance analysis showed that the 'MMP inhibitor' and 'degradation' factors (p=0.214 and p=0.093, respectively) and interaction between the factors were not statistically significant (p=0.143). The MMP inhibitor 2% CHX and NaF 5000 ppm presented similar μTBS before and after the chemical degradation.
Distribution of failure modes is presented in Figure 1 . Mixed failures predominated in all groups. The number of cohesive failures was slightly higher in the group where 2% CHX was used and the specimens were stored in water. Representative SEM images of mixed failure in all groups are illustrated in Figure 2 .
Discussion
Most of the experiments designed to evaluate stability of the resin-dentin bond by enzyme inhibition have been performed with CHX, a potent antimicrobial agent. CHX effectively inhibits MMP-2, -8 and -9 (13, 16, 17) and cysteine cathepsins (18) . In addition, many studies have demonstrated that CHX may improve the structural stability of collagen matrix in the hybrid layer and decrease time-dependent reduction in resin-dentin bond strength (14, 17, 19, 20) . Therefore, CHX was used as control group due to a large number of studies demonstrating its efficacy to decrease the degradation of the resin-dentin bonding interface.
Another MMP inhibitor presented in the literature is sodium fluoride. However, the mechanism of MMPs inhibition by NaFis not yet fully understood. Kato et al. (11) showed the inhibition of MMP-2 and -9 by sodium fluoride, suggesting that the high electronegativity of the fluorine and heavy concentration of this mineral could release free cations to participate in the catalytic process. However, the study showed that irreversible inhibition was observed only in the fluoride at high concentration (5000 ppm); at lower concentrations (250, 500, 1500 ppm) MMP inhibitory effect was considered to be reversible. In the present study the groups using different MMP inhibitors for rewetting the dentin presented similar results after water storage for 24 h.
Accelerated aging is a relevant procedure to evaluate the long-term stability of the bonded interface (15) . To simulate in the laboratory aging of adhesive restorations, a commonly used procedure is storing in 10% NaOCl. This is a nonspecific deproteinizing agent with tendency of creating superoxide radicals in aqueous solutions, therefore inducing oxidation phenomena, fragmenting the protein peptide chains (15, 21, 22) . The 10% NaOCl may affect the resin-dentin bond by two different ways: first, degradation of the etched and non-resin-infiltrated layer; and second, by the collagen fibrils that were not properly resin-infiltrated and/or later exposed because of the resin dissolution by 10% NaOCl (23) . Therefore, collagen fibrils in the etched dentin and the resin adhesive may have been affected by 10% NaOCl action, leading to a rapid degradation of the resin-dentin layer (15, 24) . In the current study, the results demonstrated that the MMP inhibitors, 2% CHX and NaF(5000 ppm) were able to prevent chemical degradation of the adhesive interface, confirming the tested hypothesis. The predominance of mixed failures, especially in dentin irradiated with Er:YAG agree with the results of a previous study (25) . Overall, no relevant change was observed in the failure mode among the groups.
It is possible to conclude that the MMP inhibitors, 2% CHX and NaF 5000 ppm presented similar μTBS between Er:YAG laser irradiated dentin and composite resin after the chemical degradation. Further studies are suggested to evaluate longer times and different degradation forms to confirm the effectiveness of these inhibitors in the Er:YAG laser irradiated dentin.
Resumo
Este estudo avaliou o efeito dos inibidores de metaloproteinase, clorexidina 2% e fluoreto de sódio (5000 ppm), na resistência de união entre a dentina irradiada por laser Er:YAG e a resina composta após a degradação química da interface de união. A superfície oclusal de quarenta molares humanos hígidos (n=10) foi removida expondo uma superfície de dentina, que foi polida, irradiada com laser Er:YAG, condicionada com ácido e seca. Vinte espécimes foram re-umedecidos com clorexidina 2% (Grupo controle) e 20 com fluoreto de sódio (5000 ppm). O sistema adesivo foi aplicado e um platô de resina composta fotopolimerizável de 4 mm de altura foi construído. Palitos de resina-dentina foram obtidos com secção transversal retangular (0,8-1 mm 2 ). Eles foram armazenados em água (24 h a 37 °C) ou submetidos a degradação química. Para a degradação química, foram imersos em solução aquosa de hipoclorito de sódio a 10% durante 5 horas e lavados em água durante 1 h. Os palitos foram submetidos ao teste de microtração em uma máquina de ensaios mecânicos a 0,5 mm/min até a fratura. O padrão de fratura foi analisado em MEV. Os valores de resistência de união foram calculados em MPa e submetidos à análise de variância ANOVA (α=0,05). A análise de variância mostrou que os fatores inibidor de metaloproteinases e degradação (p=0,214 e p=0,093, respectivamente), e a interação entre os fatores não foram estatisticamente significantes (p=0,143). A predominância de falha mista foi detectada para todos os grupos. Em conclusão, a clorexidina a 2% e fluoreto de sódio (ppm 5000) apresentaram resistência de união entre dentina irradiada e resina composta semelhante antes e após a degradação química.
